
DET innovations in chemical detect ion 

TID-1 -N2 ( O2 ) : select ive for NITRO, OXYGENATED, or HALO GENATED compounds 

Equipment: 

Th is det ection mode uses a TID-1 t ype thermion ic 
source mount ed in eit her a TID/FlO, REMOTE FlO, 
FTIO, PTID, or TANDEM TID tower. The det ector gas 
is N2 f lowed t hrough t he gas lines which normally 
provi de " H2 " and "air" t o an NPO or FlO. (Air or O2 are 
other possible choi ces for t he detector gases.) The 
source is heated by a const ant cu rrent supp ly and is 
polarized at -4 5 Volt s relat ive t o t he collector. In most 
applications, the surf ace temperature of the source is 
in t he range of 400-600 DC w hich has no vis ible glow. 

Principle : 

This mode uses a low work fu nction surface operated 
in an inert (or ox idizing ) gas environment. The surface 
f unct ions as a reserv oir of electrons. Samples impact 
the surface and are ionized by a process involving the 
extraction of elect rons f rom the surface. Gas phas e 
negat ive ions are f ormed and collect ed f or the detector 
signal. Th e proc ess is extremely select ive to 
compounds co nt ain ing electronegative f unctional 
groups such as the NO 2 group, halogen atoms, or 
oxygenat ed function alities. In some cases there occurs 
a direct elect ron at t ach ment t o t he intact sample 
molecule. In many other cases , t here occurs a dis­
sociative elect ron attachment t o an electronegative 
f ragment of the sample mo lecule. The manner in 
which electronegat ive groups are bound in t he struc ­
t ure of the sample molecul e st rongly influences the re­
sponse. 

Response: 

This mode is characterized by primary, secondary, and 
te rtia ry levels of response. Primary compounds are 
det ect able at femtogram levels and have select ivit ies 
of 108 versus hydrocarbons. Examples of primary com­
pounds are 4-nitrophenol, 2 ,4-dinit rot oluene, TNT, 
met hy l parathion, pent achlorop henol, and heptachlor. 
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Seconda ry compounds are detect able at picogram 
levels and have selectivit ies of 107 

- 105
• Examp les of 

secondary responders are atrazine , 2-nit rophenol, 2,4­
dichlorophenol, diazepam, chlordane, dieldrin, phenols, 
carboxylic acids, glycols, vanilli n, and methyl 
salicylat e. Tertiary compound s are detectable at 1 - 10 
nanogram levels and have selecti vi t ies of 104 versus 
hydrocarbons. Examp les of te rtiary compounds are 
alcohols, ketones, aldehydes, phthalate s, t hiols, and 
t he pyrrole f unctiona l group. 

The TIO-1 sou rce can also be used in oxidi zing det ec ­
tor gas envi ronments such as air or 02' The presence 
of O2 in t he detector reduces t he response of some 
compounds, and enhances others . Examp les of 
compounds which are enhanced are 2, 4-dinitro-phenol, 
end rin, simazine, f uran, and water vap or. 

•
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lilA. OPERATION : TID-1-N2 MODE
 

1.) BASIC DESCRIPTION
 

In this mode of operati on, a thermionic source (TID-1) of very low w ork funct ion is 
operated in a chemically inert gas environment of N2 • Sample compounds are ionized 
by a surface process involv ing the extraction of electrons from the heated source and 
the subsequent f ormat ion of gas phase negat ive ions from the sample compound. This 
mode of operat ion is ext remely specific to compounds w hich contain electronegativ e 
f unctional groups. In particu lar, very large responses (femt og ram and picogram 
detecti vi t y) are obtained f or certain compounds containing the nit ro (N02 ) group and 
for some polychlo rinated compounds. Lower levels of response (nanogram det ectiv it y ) 
are obtained for many oxygenated compounds such as alcohols and phenol s. The 
manner in which the elect ronegat ive groups are bound up in t he st ruct ure of the sample 
molecule also has a strong inf luence on t he magnitude of response t hat is obt ained. 
This mode of operation exhib its it s greatest specificit y when the source is operated at 
relatively low source heating currents . As t he heating cu rrent is increased, some 
responses are obtained for a wider variety of compounds, although t he det ector st ill 
discriminat es st rong ly against many classes of compou nds. 

2. )	 DETECTOR GAS FLOW S 

In this mode of operation, N2 is used f or both detector gas 1 and gas 2 . The principal 
funct ion of the detector gases is to maint ain a well purged detector vo lume. A fl ow rate 
of 10 - 15 mLlmin for detect or gas 1 genera lly suffices , while a f low rat e of 50 - 70 
mLlmin is generally adequate f or detector gas 2 . N2 is t he pref erred GC carrier gas, 
alt hough He can also be used subject t o the considerat ions described on page 1-4. 

To min imize exces sive jet ef fect s at t he small orifice of t he sample conduit, t he sum 
of the GC carrier gas and detector gas 1 should normally be less than about 40 mLlmin. 
Gas f lows are measured at the exit t ube of t he detector tower using the f low measuri ng 
tubin g and f itting t hat are supplied. (On HP 5890 GC inst allat ions, gas fl ows may be 
more accurately measured at the det ector base before installing t he detector t ow er. ) 

3 .)	 OPERATION 

a. )	 To become familiar with the response characte ristics of t he TID-1-N2 mode, 
some init ial experimentat ion w ith high responding test samples is recommended. 
Examples of good test sample compounds are methyl parathion or 2,4 
dinitrotoluene at concentrat ion leve ls of about 1 - 10 ng. A good sou rce of 
met hy l parathion is Varian TSD test sample #82-00 5048-04, and a good source 
of 2,4 dinitrotofuene is 100: 1 diluti on of Supelco nitroaromatic mixt ure #4-8742. 

b.)	 Each new TID- 1 source is accompanied by a chromat ogram of t he response of 
t hat source to a test sample. The conditions associated with this chromatogram 
provide a good starting point f or exa mining the source , 
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c.)	 GENERAL OPERATING PROCEDURES 

1.)	 Set detector and car rier gas flows in accordance w it h guidelines in 1.1 and 
IIJA.2. 

2 .)	 Set the detector heater block at the desired operating temperat ure. 
(300°C or higher is generally preferred for t his det ector.) 

3 .)	 Connect the DET electrometer or t he electromet er on t he GC t o a signal 
recording dev ice (ie., integrator or data syst em ) and disengage any 
electromet er aut ozeroing if applicable. In initial set up of t he TID, it is 
helpf ul t o monit or the magnit ude of t he background signal level as t he 
source heating current is inc reased. Set t he electromet er and dat a syst em 
at t enuat ions and range so t he recorded display corresponds t o 

approximately 10-1 1 Amps f or f ull scale sign al. 

4 .)	 On t he DET Current Supply provid ing heat ing cu rrent to the thermionic 
source, set the bias volt age sw itch on the back of t he supply at -4 5 V . 

5 .)	 W it h t he Current t humbwheel swit ch initially set at 0000 , turn on the 
Current Supply. The ma gn itude of heat ing cu rrent required depends on 
the operat ing temperature of the heated detector base, and the thermal 
gradients in the detector hard ware depend to some extent on which GC 
mode l is used. Typical heating cu rrents are as fo llo w s: 

Temperature - - - - - Heating Current - - - - - - - - - - - - ­

VARIAN 3800 Ag 6890/NPD HP5890/6890 FID 
2.7 - 3 .0 Amps 2 .6 - 2 .8 2 .9 - 3 . 1 
2 .5 - 2 .7 A mps 2 .4 - 2 .6 2 .7 - 2 .9 
2.3 - 2 .5 Amps 2 .2 - 2 .4 2 .5 - 2 .7 

Start at t he low er end of these ranges and observe the recorded baseline 
f or an ind icat ion of signal increase as t he heat ing cu rrent is t urn ed up 
f rom zero. Typically an init ial signal wi ll rise rapidly from t he baseline, 
reach a peak, and t hen equilibrat e to some lower level . The hot 
t hermionic source radiat es some heat to t he surrounding detector tower, 
and the equilib rat ion of the det ect or tower t emperat ure ma y requ ire as 
long as 30 minutes. To minimize this thermal equil ibrat ion time, set the 
det ect or heat er block at as high a t emperat ure as allowed by the 
applicat ion so t hat t he thermal gradien t between t he thermion ic source 
and the su rround ing detector w all is minimized . 

5.)	 Set t he injector and column t emperat ure such t hat t he t est sample 
compo unds w ill have a retention t ime in t he range of 2 - 6 mi nut es . 

6 .)	 Inject a volume of abo ut one microliter of t he t est sam ple and observe 
t he detect or response to the electronegative compounds. Adjust t he 
electromet er attenuati on and range if necessary t o get an on-scale sample 
peak and inject the sample again. 

IIIA-2 
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7.)	 Inc rease t he sou rce heat ing current by an increment of 0 .1 Amps and 
inject the t est samp le again. Generally, this increase in heat ing current 
wi ll increase the magnitude of t he backgrou nd signal as w ell as the 
sample response. To ensure on-scale sample peaks , adjust the 
electrometer range or at t enuat ion t o ach ieve about the same percent of 
fu ll scale level f or the background signal. 

8 .)	 Response characteristics of interest in these test sample chromatograms 
are the solv ent response, sample compound responses, and magnit ude 
of t he detector background signal. Frequent ly, as t he source heat ing 
current is increased, t he response of t he detect or t o t he solvent w ill 
increase relat ive to the sample response. This indicat es t hat t he det ector 
beco mes less specific at higher cur rents. Al so the ratio of sample peak 
height s relati ve t o t he magnitude of background signal may change w it h 
changes in heat ing cu rrent . Generally expect cha nges in t he ratio of 
sample response to background sign al t o be indicat ive of changes in t he 
detector signal-t o-noi se rat io (ie., det ecti v ity). 

9.)	 Compare the two chromatograms of c. 6 and c. 7 t o det ermine which best 
suits the desired applicat ion of t he detector. The follow ing guidelines may 
be useful : . 

9 .1	 Lowest detector noise (ie., about 2 x 10.14 Amps) occurs f or 
background signal levels of 10 x 10.12 Amps or less. 

9. 2	 Highest specificity is obtained at low er sou rce heat ing currents. 

9 .3	 At some loss of speci f icity, signal-to-noise rati os (ie., detect ivity ) 
can often be improved by increasing source heat ing cu rrent unt il 
the detector background signal level reaches about 10 x 10-12 

Amps. 

9.4	 The operating lifetime of the source often decreases w it h 
increasing source heat ing current . 

10.)	 Onc e t he preliminary result s of c. 6 - c. 8 have demonst rate d the basic 
charact erist ics of the TID-1 -N2 mode, t he detector is ready t o be applied 
to any analyt ical sample of int erest. Some experimentat ion w it h source 
heat ing current and/or detector heater block temperature similar to c .6 ­
c .8 is often helpful to best opt imize the detect or f or each new t yp e of 
sample. 

IIIA -3 
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IIIAA. OPERATION: TID-1-AIR (02) MODE
 

This mode of operat ion is similar to t he TID-1-N2 mode, except t hat t he detector gases are Air 
or O2 instead of N2• This mode also is specific for electroneg ative compounds, but the 
responses differ f rom t he TID-1-N2 mode because of t he presence of t he w eakly elect ronegat ive 
O2 molecul e in t he gas environment. (3enerally , t he magnitudes of gas f low rat es used f or 
detector gas 1 and gas 2 are the same as those recommended fo r the TID-1-N2 mode. However, 
there may be speci fic app lications w here the most f avorable sample responses are obt ained 
from using detector gas combinations such as Air (0 2) for gas 1 and N2 for gas 2 , or vice versa. 
Theref ore, it is frequ ent ly instructive to expe rim ent f irst w ith the TID- 1 source in an N2 

environment, and then t o perform the same analyses w ith an Air (0 2) environment . 

NOTE: l ong term op erat ion of the TID- 1 source at high source heat ing current s in an oxygen 
cont aining environment sometimes causes a change in t he TID-1 surface charact eristics such 
that subsequent operati on in an N2 environ me nt may yield reduced sensit iv ity. Therefore, once 
it is established w hich gas environment is best fo r a given analysis , t he TID-1 source should be 
dedicate d t o con ti nued operatio n in either an N2 or O2 environment f or best results. 

IIIA A- 1
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